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ABSTRACT 
The s k i l l f u l  use of new technology has long been a f ac to r  i n  
indus t r i a l  growth, and i n  recent years it has become the controll ing 
var iable  determining competitive success. 
An unusual communication experiment between NASA and the  petroleum 
industry c lear ly  demonstrates the f ac t  that aerospace-related new tech- 
nology has a subs tan t ia l  content of i ndus t r i a l  value. A number of 
examples axe given i l l u s t r a t i n g  t h i s  fac t .  
The en t i r e  body of aerospace-related technology is  now f u l l y  and 
se lec t ive ly  avai lable  t o  industry on a regular working basis through 
spec ia l  NASA programs. A s  a consequence, the technological resources 
f o r  considered use by any interested company are very large and of 
demonstrated value. 
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THE U T n I Z  T I O N  OF "NOLOGICAL RESOURCES 
by Jmes E. Burnett 
Lewis  Research Center 
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Cleveland, Ohio 
Technology is  the  fundamental tool  with which man shapes h i s  
material progress. 
The kind of technological resources available - and the  a b i l i t y  
t o  understand and apply them - are c r i t i c a l  factors  i n  any society- 
They d i r ec t ly  determine the  form of those a c t i v i t i e s  basic t o  all 
soc ie t ies :  transportation, communication, agriculture,  manufacturi ng... . 
Never has t h e  v i t a l  ro l e  of technology i n  the  affairs of nations 
been more v i s ib l e  than it I s  today. 
f r iendly  and not s o  friendly,  i s  largely a technological struggle. 
cooperation between nations, the e f f o r t  t o  help the low income countries 
i s  essent ia l ly  based on the  application of technology t o  force economic 
growth. 
Competition between nations, both 
And 
This vital ro le  of technology was recognized by Congress i n  the  
Congressional Space A c t  of 1958, establishing t h e  National Aeronautics 
and Space Administration. 
possible dissemination of information about i ts  a c t i v i t i e s  and the  
r e s u l t s  thereof. 
(T. U. ) Program. 
The A c t  requires t h a t  NASA provide the  widest 
NASA i n  turn established the  Technology Uti l izat ion 
The NASA T. U. Program is  a planned, continuing e f f o r t  t o  locate  
aerospace-related innovations, new sc i en t i f i c  knowledge and new 
. 
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technical  skills and t o  make them broadly available t o  industry and the  
public f o r  non-aerospace uses. 
WHY SUCH A PROGRAM? 
A prac t ica l  and obvious question is: "Vhy Such a przigreci?'' The 
answer i s  th i s :  
1. Industry and commerce are  based on technology - technology 
applied t o  the development of products and services and t o  the methods 
of manufacture and dis t r ibut ion.  
2. Growth of the individual company and of the national economy 
depend great ly  on new technology - new technology applied t o  help 
generate sales, prof i t s ,  and new enterprises. 
3. New s c i e n t i f i c  knowledge and new engineering s k i l l s  are coming 
from aerospace research and development. The f l i g h t s  of our nation's 
spacecraft are v is ib le  evidence of a large and ragidly growing body 
of new technology. 
4. These new skills and knowledge, however, are largely isolated,  
both corporately and geographically, from many possible users. Further, 
the volume of information i s  both  tremendous and growing. 
5. Traditional w a y s  of transferring technology are  no longer 
alone adequate t o  cope with these problems of i so la t ion  and volume. 
The s k i l l f u l  use of new technology has long been a f ac to r  i n  
indus t r i a l  growth, and, i n  recent years, it has become the controlling 
var iable  determining competetive success. 
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The "Charpie Report" (1)" illustrates t h i s  qu i te  dramatically. 
The Report shows, f o r  example, that television, j e t  travel and d i g i t d  
computers from nothing i n  1945, contributed i n  1965 more than $13 b i l l i o n  
tc! t h e  Grc!ss K z t i n n l  PreZcct zInd 
a l so  cites a f e w  examples of technologically innovative companies 
(Polaroid, 34, IBM, Xerox) which f rom 1945 t o  1965 had a combined 
ectimater7 sw,m Snhs. m e  repert 
average 16 .8  percent annual sa les  growth (compared t o  2 .5  percent f o r  
G. N. P). 
Application of aerospace-related new technology i n  the general 
economy requires that it be so communicated as t o  be t ru ly  available 
on a regular, working basis and that it be i n  such form and context as 
t o  a i d  the  process of examination and understanding. There is  urgent 
need f o r  e f fec t ive  new w a y s  i n  which t o  communicate technology as the 
Weifiberg Report" ( 2 )  c lear ly  outlines. The T. U. Program may 11 
accurately be considered a broad experimental e f for t  i n  th i s  area and 
seeks t o  develop new communication methods of l a s t ing  value. 
There i s  an underlying and essent ia l  premise involved here, of 
course, and the premise is: Aerospace-related new technology does 
have a substant ia l  content of value of non-aerospace uses. 
w a s  tested i n  some depth recently during a novel communication experi- 
This premise 
ment between NASA and the petroleum industry. 
A COMMLTNICmON EXPERIMENT 
BACKGROUND - As a par t  of the T. U. Program at  Lewis Research 
Center, we decided t o  undertake a mission-oriented communication 
*Numbers i n  parentheses designate References at  end of paper. 
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experiment, that is, an e f for t  t o  communicate i n  depth w i t h  a s ingle  
iden t i f i ab le  industry. As w e  s e t  for th  desired objectives and con- 
sidered how t o  bes t  s t ruc ture  the e f for t ,  it became obvious t h a t  act ive 
industry cooperation would be required. 
Several industr ies  were considered, and the  petroleum industry 
w a s  f i n a l l y  selected. Important factors  i n  the  select ion were s i z e  
and economic importance of the  industry, the number of major competi- 
t i v e  companies, the existence of an active,  mature industry association 
( the  American Petroleum I n s t i t u t e )  and the industry's  general technical 
sophis t icat ion and l eve l  of act ivi ty .  
Independently of t h e  Lewis considerations, and during the same 
period, the Esso Research and Engineering Company, an affi l iate of 
Standard O i l  Company (New Jersey), expressed t o  NASA a general i n t e r e s t  
i n  t he  T. U. Program and a spec i f ic  i n t e r e s t  i n  comparing selected 
petroleum industry problems w i t h  appropriate aerospace technology. 
This E.R. and E. expression of re la ted in t e re s t s ,  and t h e i r  recognized 
competence i n  petroleum technology were additional fac tors  i n  select ion 
of t h e  petroleum industry. 
OBJECTIVES AND G R O W  RULES - The objectives of the  experiment 
were: first, t o  select ively examine current aerospace-related tech- 
nology i n  order t o  ident i fy  comon areas of space and petroleum tech- 
n i c a l  in te res t s ;  second, t o  reduce these common areas t o  j u s t  those 
( i f  any) i n  which the aerospace technology contained new knowledge of 
real. i n t e r e s t  and value t o  the industry. 
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The second of these objectives is, of course, the  c r i t i c a l  one. 
We could, without much "qer imenta t ion"  predict  some obvious weas of 
common i n t e r e s t  - as, f o r  example, lubrication research - and suspected 
that. enreful examination would turn up other, much more subtle,  areas. 
Subtle o r  obvious, however, our  c r i t i c a l  objective w a s  t o  e d i t  these 
common i n t e r e s t  areas down t o  a hard core where aerospace research and 
development had produced new technology genuinely of i n t e r e s t  and value 
t o  the  petroleum industry. 
The f i n a l  objective, provided the search ident i f ied  technology of 
petroleum value, was t o  comunicate t o  the industry a c lear  awareness 
of the existence of such technology. 
Only three, qui te  simple, ground rules were involved: 
1. A purely voluntary, non-reimbursed cooperative e f fo r t  would be 
undertaken, i . e . ,  a customary government-government contractor re la t ion-  
sh ip  would spec i f ica l ly  not be involved. -
2. Any and all productive r e su l t s  of the  search would be made 
f u l l y  and equally available t o  t h e  industry. 
3. No c lass i f ied  (government) o r  proprietary ( corporate) inf or- 
mation would be included i n  the  search e i t h e r  d i r ec t ly  o r  by reference. 
The agreement t o  undertake a cooperative e f fo r t  w i t h  the  stated 
objectives and ground rules required only two exploratory meetings, 
a f e w  weeks of consideration-time, and a s ingle  exchange of l e t t e r s  
between Lewis and E.R. and E. 
THE SEARCH AND TRE FU3SULTS - The experiment involved a grea t  deal 
of technical  administrative e f fo r t  i n  identifying key counterpart 
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personnel, and l e d  t o  the formation of several  teams se lec t ive ly  com- 
bining aerospace and petroleum technical people. 
The i n i t i a l  discussions were held i n  September 1964; individual 
technical  meetings took place i n  December 1964 and June 1965. 
t i on  exchange, review and evaluation were conducted during t h i s  f u l l  
period (sandwiched i n  with normal work) and i n  July E. R. and E. sub- 
mitted a detai led report  of t h e i r  findings and conclusions. 
Informa- 
The E.R. and E. findings were highly positive; that is, new 
technology of i n t e r e s t  and use t o  the petroleum industry was repeatedly 
ident i f ied.  
not trivial, and w a s  ident i f ied  i n  s ignif icant  quantity. The following 
l ist ,  as summarized from the E.R. and E. report  helps illustrate the  
r e s u l t s  of t h e  search and evaluation. This l i s t  covers those areas, 
and only those areas, which did, i n  f ac t ,  contain spec i f ic  new technology 
of in te res t .  
The technology w a s  not b i t s  and pieces, w a s  most de f in i t e ly  
(1) Heat Transfer; ( 2 )  High Temperature Combustion and Kinetics; 
(3) Mathematical Methods and Computer Programs and Techniques i n  t h e  
preceding areas; (4) Turbines-Compressors, Pumps j (5) Lubrication- 
Bear ings ;  (6)  Cryogenics; (7)  Catalyst "Related" Areas, e. g., u l t r a  
clean surface physics and chemistry; (8) Energy Conversion; ( 9 )  Fluidics; 
(10) Materials; and (11) Novel Instrumentation Techniques. 
CONFIRMATION AND AN INDUSTHY BRIEFING - A Lewis report  w a s  writ ten 
reviewing the  experiment, outl ining the search and evaluation process 
and de ta i l i ng  the E.R. and E. findings and conclusions. We then, i n  
company with E.R. and E., met with executives of the American Petroleum 
7 
I n s t i t u t e  and discussed the matter a t  some length. 
furnished copies of the complete Lewis report  t o  twenty large petroleum 
companies and asked f o r  t h e i r  comments and recommendations. The comments 
were cansis tent ly  favorable and overwhelmingly recommended proceeding 
with an industry briefing. 
Following t h i s ,  A P I  
A two-day inv i ta t iona l  Conference on Selected Technology f o r  t he  
Petroleum Industry w a s  held at  Lewis Research Center on December 8 and 9, 
1965. 
companies and from a number of smaller petroleum companies and major 
industry suppliers. 
valuable cooperation i n  the  conference e f fo r t ,  par t icular ly  i n  ident i fying 
and encouraging the  attendance of  senior petroleum industry people. 
those who would l i k e  spec i f ic  information on the  technology evaluated 
and selected i n  the  communication experiment, Proceedings (3) covering 
the  conference a re  available. 
Senior representatives were present from the  major petroleum 
The American Petroleum I n s t i t u t e  provided much 
For 
W e  can gain some measure of the petroleum industry reaction t o  the  
experiment and the  Conference by noting t h a t  the  number of petroleum 
companies d i r ec t ly  par t ic ipat ing i n  t he  NASA, T. U. Program has increased 
from four  (pre-conf erence) t o  fourteen (post- conference) , and eight  others 
have indicated "more than casual interest. " 
W e  can ju s t i f i ab ly  conclude tha t  t he  premise has been r e a l i s t i c a l l y  
t e s t e d  and ver i f ied.  
SUBSTAXCIAL COWZENT O F  VALUE FOR NON-AEROSPACE APPLICATIONS. 
and ver i f ica t ion  w a s ,  of course, f o r  one pa r t i cu la r  industry, but  it 
would seem d i f f i c u l t  t o  maintain tha t  t he  petroleum industry w a s  unique 
AEROSPACE REUflED NEW TECHNOLOGY - DOES HAVE A 
The t e s t  
a 
i n  this regard. 
Petroleum is a technologically sophisticated industry with good infor-  
mation resources and c o m i c a t i o n  skills; as such, it provided a 
Indeed, I suspect tha t  qui te  t h e  contrary is  true.  
r e l a t ive ly  s t r ingent  test of the premise. 
EXAMFZES 
To illustrate and emphasize th i s  point, t h a t  aerospace-related new 
technology has many other potent ia l  uses, l e t  us look at  just  a f e w  
spec i f ic  examples. The f i r s t  four  of t he  following examples were a 
pa r t  of the material  ident i f ied  and selected during the  petroleum 
industry communication experiment. 
1. Computer Program, Chemical Equilibrium Computations (4).  - 
A highly flexible, general computer program and associated thermodynamic 
da ta  have been developed markedly simplifying chemical equilibrium 
computations - flame temperatures, equilibrium properties,  gaseous 
detonations, etc.  The program can perform thermodynamic computations 
f o r  a system containing up t o  15 d i f fe ren t  chemical elements, and it 
can accomodate as many as 90 different  reaction products. 
2. The "Cold Surface" Sol idif icat ion Process (5). - Many heat 
t r a n s f e r  systems involve water as the working f lu id ,  but l i t t l e  was 
known about t h e  t rans ien t  energy process that governs so l id i f i ca t ion  
( i c e  farmation) at the cold radiator  surface. This t rans ien t  energy 
equation covering so l id i f ica t ion ,  equilibrium under varying flow r a t e s  
and temperatures and heat t ransfer  ra tes  through the i c e  lwer has now 
been established and solved. 
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3. Increased Ball and Roller Bearing L i f e  (6). - Research on the  
~~ ~~ 
influence of hardness parameters on bearing r e l a t ive  l i f e  has shown t h a t  
m a x i m  l i f e  is  achieved by establishing a spec i f ic  hardness d i f f e r e n t i a l  
between the  b a l l s  and race. The increase i n  r e l a t i v e  l i f e  based on this  
technique can be i n  the  order of 500 percent. 
4. Improved Bearing Metals and Alloys (7) .  - Research i n  the atomic 
s t ruc ture  of m e t a l s  and a l l o y s  has shown that the c rys t a l  l a t t i c e  markedly 
influences f r i c t i o n  and w e a r  character is t ics .  Metals.and al loys with a 
hexagonal c rys t a l  l a t t i c e  have much lower f r i c t i o n  and wear rates (up 
t o  100 t i m e s  lower wear, f o r  exhple)  than do those with a cubic c rys t a l  
l a t t i c e .  The desired l a t t i c e  form can be achieved and s tab i l ized  by 
appropriate metallurgical techniques and w i l l  y i e ld  bearing m e t a l s  and 
a l loys  with grea t ly  iniproved resistance t o  catastrophic f a i l u r e  when 
lubr icant  surface fi lms a r e  los t .  
5. Spray Gun,  External Mixing (8). - A spray gun has been devel- 
oped that  has two reservoirs and two nozzles. The nozzles a re  so 
designed as t o  provide external mixing of the  two streams so t h a t  a 
single, well-mixed stream impacts the workpiece. A simple valve control 
P e W t S  var ia t ion of the  percentage flow from the two reservoirs. !Ibis 
spray gun provides obvious f l e x i b i l i t y  and advantages i n  spraying e i t h e r  
pa in ts  (vehicle plus pigment) or plas t ics  ( res in  plus hardner). 
6. Bol t less  Attachment (9) .  - A technique f o r  fastening two members 
together has been developed tha t  provides a strong, sealed jo in t  and is  
e i t h e r  permanent or  separable and reusable as desired. The technique 
is based on one member having a projecting, "T" shaped f i n  and the other  
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member a re-entry cavity. The members a re  placed together, and the  
cavi ty  f i l l e d  w i t h  a l i qu id  t h a t  (a) expands on sol idifying ( if  a 
sealed j o i n t  is  desired) and (b) has a melting temperature below t h a t  
of t h e  members t o  be fastened. The technique shows poten t ia l  use and 
advantages i n  many applications. 
7. Magnetic Forming (10). - Forming of m e t a l s  ( the  m e t a l  needs 
only t o  be an e l e c t r i c a l  conductor) is  achieved without physical contact 
by subjecting the metal t o  a high intensi ty ,  shaped magnetic f i e l d  formed 
by discharging a capacitor bank through a solenoid c o i l  adjacent t o  or  
surrounding the  workpiece( s). The technique has been fu r the r  extended 
t o  piercing, punching, fastening, removal of welding deformations, etc. 
It worlrs equally w e l l  f o r  laxge o r  s m a l l  workpieces, and has decided 
advantages i n  cer ta in  applications (e. g. , no surface marring, high 
s t r a i n  rates, minimum metallurgical disturbance, e t c . ) .  
8. T i r e  Hydroplaning (11). - Aircraf t  takeoff and landing oper- 
a t ions  on wet runways have obvious hazards. "Simplett skidding is  a 
poss ib i l i t y  under cer ta in  conditions, but loss  of s teer ing control i s  
a more ser ious threat .  Research into the  fac tors  that influence lo s s  
of s teer ing  control revealed a specif ic  tire-hydroplaning mechanism, 
much l i k e  t h a t  involved i n  water skiing o r  stepped-hull speedboats. 
T i r e  hydroplaning r e su l t s  i n  e i ther  reduced, o r  completely eliminated 
contact between the  t i r e  and road surface (high speed films show, f o r  
example, the  slow down and f i n a l l y  complete s top of wheel rotat ion 
while the  vehicle continues t o  move). The point at  which hydroplaning 
will occur is a function of vehicle speed, water depth and t i r e  pressure. 
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And now, f o r  variety, let 's make 
d i f fe ren t  nature from the  preceeding. 
our last two examples of a 
9. Magnetomers and Archeology. - The Science News Letter, issue 
of December 5, 1964, reported the use of a rubidium magnetometer by a 
group of American and I t a l i a n  archeologists. The instrument, f i r s t  
used i n  the  space program f o r  detecting very s m a l l  variations i n  the 
earth 's  magnetic f i e ld ,  was used by t h e  archeologists t o  loca te  and 
then t o  map t h e  long buried, half legendary c i t y  of Sybaris. 
es t ingly enough, use of t he  magnetometer spelled success f o r  a search 
which had been underway i n  an 80 squase mile area since 1878. 
Inter-  
10. M i f i c i a L  H e a r t  Research (12). - Clinical  reaseasch i n  t h e  
development of a human ar t i f ic ia l  heart is being conducted by Pr. Kolff 
and his associates at the  Cleveland Clinic. Development of t h e  
associated pneumatic control system has drawn heavily on aerospace 
technology and t h e  consulting adv ice  of several  people on t h e  Lewis 
Research Center staff. 
t h e  changing pressure and flow dynamics of the  normal human system under 
widely varying physical ac t iv i ty  and emotional stress conditions. 
The control system must faithfully duplicate 
The application of aerospace technology t o  a r t i f i c i a l  hear t  research 
is j u s t  one example of m a n y  d i rec t  medical-biological applications from 
t h e  space program: 
niques now used i n  hospitals; ultra-small cryogenic thermocouples now 
used i n  brain and eye cryo-surgeryj a proposed lunar  t e r r a in  vehicle 
scaled down and adapted t o  provide a highly mobile "walker" f o r  multiple 
parapalegics.. . . And so  on and on and on. 
astronaut condition monitoring sensors and tech- 
12 
The same i s  t r u e  of the other  i l l u s t r a t ions  used; they are 
few representative items picked from an ever increasing flow of 
but  a 
examples 
t h a t  aerospace-related new technology has many possible uses. 
t he  preceding examples are specific,  f ac tua l  i l l u s t r a t i o n s  of t he  many 
other than space uses of space-related technology. 
of the  story,  however. 
a very broad, completely new technology of space operations. This 
operational capabi l i ty  w i l l  have tremendous impact on industry and 
commerce and on our t o t a l  society. 
A l l  of 
This is only a par t  
The national space program is rapidly evolving 
Consider: 
1. Communication s a t e l l i t e s  w i l l  l ink  the peoples of the  world 
i n  instantaneous, r e l i ab le  communication. The impact w i l l  be seep not 
only i n  the  communication industry, but i n  transportation (a  large part 
of a l l  business t r a v e l  i s  a form of communication), and our educational 
systems w i l l  be subs tan t ia l ly  revised by the use of s a t e l l i t e  
communication- i n s t ruc t  ion. 
2. Weather s a t e l l i t e s ,  now operational ra ther  than experimental, 
with global coverage of weather data, w i l l  help lead t o  longer term, 
more accurate forecasting. Among the industr ies  t o  f e e l  the impact: 
agr icul ture ,  transportation, w a t e r  resources management, recreation, 
entertainment, clothing, public u t i l i t i e s  . . . . 
3. Survey s a t e l l i t e s ,  much l ike  weather s a t e l l i t e s ,  but adapted 
f o r  ground-survey are already producing important ear ly  measurements 
data  i n  broad areas of geology and ecology. 
undoubtedly become a regular operational t oo l  leading t o  improved meas- 
urement and management of such resources as water, s o i l ,  mineral 
Such s a t e l l i t e s  w i l l  
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deposits, timber, and crops. Again, w e  can recognize t h a t  m a n y  of our 
industr ies  and public a c t i v i t i e s  w i l l  be affected: petroleum, mining, 
lumber, agriculture,  conservation . . . . 
THE IMPLICATIONS 
Perhaps our point, then, i s  adequately made, but,  t he  point i s  most 
New technology i s  v i t a l  fo r  indus t r ia l  growth s ignif icant  i n  context: 
and competitive success. New technology, highly divers i f ied and i n  large 
quantity is  coming from t h i s  nation's aerospace program. Aerospace- 
re la ted  new technology does have a substant ia l  content of value fo r  non- 
aerospace applications. 
-
The implication is  clear .  A working access t o  aerospace-related 
new t echno log  is eminently desirable f o r  - any organization which has a 
product o r  a service subject e i the r  t o  technological improvement o r  
technological obsolescence. 
It w a s  recognized ear ly  i n  the  T. U. Program t h a t  effect ive in-  
d u s t r i a l  access t o  the new technology implied much more than a passive 
l i b r a r y  e f f o r t  by NASA. A basic  communication l ink w a s  required, and 
it must provide a technology information service of  continuing value. 
From these and other basic  considerations, came the  Regional Dissemination 
Center program. 
NASA has established several  university-based Regional Dissemination 
Centers (13) where a NASA, university, and industry three-way partnership 
speeds the  flow of new technology. These Centers provide a regular, 
working access t o  aerospace-related technology f o r  fee-paying member 
companies. Custom-tailored services by information and technical 
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spec ia l i s t s  and computerized information r e t r i e v a l  serve t o  make the  
t o t a l  NASA col lect ion of aerospace-related technology fu l ly  and 
se lec t ive ly  avai lable  t o  each company. 
A more complete description of these Centers and t h e i r  a c t i v i t i e s  
w i l l  be given i n  a following paper at  t h i s  session. 
A NEXT STEP 
A Technology Ut i l iza t ion  Office is located at NASA Headquarters 
For more information on and at each of the  NASA f i e l d  centers (14). 
t he  T. U. Program, i t s  organization, seminars, special  i ndus t r i a l  
publications, e tc . ,  contact any one of these off ices .  For those who 
would l i k e  t o  invest igate  and consider membership i n  one o r  other  of 
t he  NASA Regional Dissemination Centers, contact any one of the  Centers 
f o r  information on services and membership fees. 
I n  closing, l e t  us take a very brief  look backward - you often 
see more c lear ly  i n  t h a t  direction, and it sometimes helps improve your 
forward perspective. 
technological milestones. Technology and the  change it brings spel led 
d i f f i c u l t y  - or  d i sa s t e r  - f o r  some and grea t  opportunity f o r  others. 
The automobile replaced the carriage; t he  airplane took the  ra i l road ' s  
passengers; nylon made s i l k  stockings obsolete; synthetic f i b e r s  proved 
a more serious competition t o  a wool manufacturer than other wool 
manufacturers; the  e l e c t r i c  re f r igera tor  replaced the  i c e  truck. 
The h is tory  of industry and commerce has many 
And so it goes, b u t t h e  pace of change is  an ever quickening one. 
Consider, f o r  example, the  dramatically changing patterns i n  the 
communication industry with the advent of communication s a t e l l i t e s .  The 
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understanding and skillful use of  new technology begins t o  outweigh 
the  Qther factors  essent ia l  t o  indus t r ia l  growth and survival. 
The fu ture  promises more of the same, not l e s s ,  and a working 
access t o  all pert inent  new technology, no matter where o r  by whom 
it is generated, w i l l  be a c r i t i c a l  f ac to r  i n  future indus t r i a l  
operations. 
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